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METHOD OF USING HIGH YIELDING 
SPECTRA SCATTEROMETRY 

MEASUREMENTS TO CONTROL 
SEMICONDUCTOR MANUFACTURING 

PROCESSES, AND SYSTEMS FOR 
ACCOMPLISHING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to semiconductor fabri 

cation technology, and, more particularly, to a method of 
using high yielding spectra scatterometry measurements to 
control semiconductor manufacturing processes, and sys 
tems for accomplishing same. 

2. Description of the Related Art 
There is a constant drive Within the semiconductor indus 

try to increase the operating speed of integrated circuit 
devices, e.g., microprocessors, memory devices, and the 
like. This drive is fueled by consumer demands for com 
puters and electronic devices that operate at increasingly 
greater speeds. This demand for increased speed has resulted 
in a continual reduction in the siZe of semiconductor 
devices, e.g., transistors. That is, many components of a 
typical ?eld effect transistor (FET), e.g., channel length, 
junction depths, gate insulation thickness, and the like, are 
reduced. For example, all other things being equal, the 
smaller the channel length of the transistor, the faster the 
transistor Will operate. Thus, there is a constant drive to 
reduce the siZe, or scale, of the components of a typical 
transistor to increase the overall speed of the transistor, as 
Well as integrated circuit devices incorporating such tran 
sistors. 

Typically, integrated circuit devices are comprised of 
hundreds or millions of transistors formed above a semi 
conducting substrate. By Way of background, an illustrative 
?eld effect transistor 10, as shoWn in FIG. 1, may be formed 
above a surface 15 of a semiconducting substrate or Wafer 11 
comprised of doped-silicon. The substrate 11 may be doped 
With either N-type or P-type dopant materials. The transistor 
10 may have a doped polycrystalline silicon (polysilicon) 
gate electrode 14 formed above a gate insulation layer 16. 
The gate electrode 14 and the gate insulation layer 16 may 
be separated from doped source/drain regions 22 of the 
transistor 10 by a dielectric sideWall spacer 20. The source/ 
drain regions 22 for the transistor 10 may be formed by 
performing one or more ion implantation processes to intro 
duce dopant atoms, e.g., arsenic or phosphorous for NMOS 
devices, boron for PMOS devices, into the substrate 11. 
ShalloW trench isolation regions 18 may be provided to 
isolate the transistor 10 electrically from neighboring semi 
conductor devices, such as other transistors (not shoWn). 
Additionally, although not depicted in FIG. 1, a typical 
integrated circuit device is comprised of a plurality of 
conductive interconnections, such as conductive lines and 
conductive contacts or vias, positioned in multiple layers of 
insulating material formed above the substrate 11. 

The gate electrode 14 has a critical dimension 12, i.e., the 
Width of the gate electrode 14 (gate length), that approxi 
mately corresponds to the channel length 13 of the device 
When the transistor 10 is operational. Of course, the critical 
dimension 12 of the gate electrode 14 is but one example of 
a feature that must be formed very accurately in modern 
semiconductor manufacturing operations. Other examples 
include, but are not limited to, conductive lines, openings in 
insulating layers to alloW subsequent formation of a con 
ductive interconnection, i.e., a conductive line or contact, 
therein, etc. 
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2 
One illustrative process How for forming the illustrative 

transistor 10 Will noW be described. Initially, the shalloW 
trench isolation regions 18 are formed in the substrate 11 by 
etching trenches 18A into the substrate 11 and, thereafter, 
?lling the trenches 18A With an appropriate insulating 
material, e.g., silicon dioxide. Next, a gate insulation layer 
16 is formed on the surface 15 of the substrate 11 betWeen 
the trench isolation regions 18. This gate insulation layer 16 
may be comprised of a variety of materials, but it is typically 
comprised of a thermally groWn layer of silicon dioxide. 
Thereafter, the gate electrode 14 for the transistor 10 is 
formed by forming a layer of gate electrode material, 
typically polysilicon, above the gate insulation layer 16, and 
patterning the layer of gate electrode material using knoWn 
photolithography and etching techniques to thereby de?ne 
the gate electrode 14. The sideWalls 14A of the gate elec 
trode 14 tend to ?are outWardly a very small amount. Of 
course, millions of such gate electrodes are being formed 
across the entire surface of the substrate 11 during this 
patterning process. The source/drain regions 22 and the 
sideWall spacers 20 are then formed using a variety of 
knoWn techniques. Additionally, metal silicide regions (not 
shoWn) may be formed above the gate electrode 14 and the 
source/drain regions 18. 

After an integrated circuit device is fabricated, it is 
subjected to several electrical tests to insure its operability 
and to determine its performance capabilities. The perfor 
mance capabilities of integrated circuit products, e.g., 
microprocessors, may vary quite a bit despite great efforts to 
insure that all of the integrated circuit products are fabri 
cated With the same process steps. For example, the oper 
ating frequency of microprocessors may vary over a given 
range. Many factors, or interrelationships among various 
factors, may be the cause of such variations, and such causes 
may be dif?cult to determine. Variations in the performance 
level of the integrated circuit devices may be problematic for 
a variety of reasons. For example, at least in the case of 
microprocessors, higher performance microprocessors tend 
to sell for higher prices in the marketplace, While loWer 
performance microprocessors tend to sell for lesser prices. 
Thus, all other things being equal, a microprocessor manu 
facturer Would like to be able to produce as many high 
performance microprocessors as possible. Stated another 
Way, an integrated circuit manufacturer Would like to be able 
to consistently and reliably mass produce integrated circuit 
devices at the very highest performance level the product 
design and manufacturing equipment Will alloW. 
The present invention is directed to a method and systems 

that may solve, or at least reduce, some or all of the 
aforementioned problems. 

SUMMARY OF THE INVENTION 

The present invention is generally directed to a method of 
using high yielding spectra scatterometry measurements to 
control semiconductor manufacturing processes, and a sys 
tem of accomplishing same. In one illustrative embodiment, 
the method comprises providing a library comprised of at 
least one target optical characteristic trace of a grating 
structure comprised of a plurality of gate stacks, the target 
trace corresponding to a semiconductor device having at 
least one desired electrical performance characteristic, pro 
viding a substrate having at least one grating structure 
formed thereabove, the formed grating structure comprised 
of a plurality of gate stacks, illuminating at least one grating 
structure formed above said substrate, measuring light 
re?ected off of the grating structure formed above the 
substrate to generate an optical characteristic trace for the 
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formed grating structure, and comparing the generated opti 
cal characteristic trace to the target trace. 

The present invention is also directed to various systems 
for accomplishing the illustrative methods described herein. 
In one embodiment, the system is comprised of a scatter 
ometry tool, a process tool and a controller. The scatterom 
etry tool is adapted to make scatterometric measurements of 
a grating structure comprised of a plurality of gate stacks and 
generate an optical characteristic trace for the grating struc 
ture. The scatterometry tool may be further used to compare 
the generated optical characteristic trace to a target optical 
characteristic trace that is determined based upon electrical 
test data for a semiconductor device. If a deviation exists 
betWeen the generated trace and the target trace, the con 
troller may then be used to control one or more parameters 
of one or more processes to be performed on the substrate 
comprised of the de?cient or sub-standard gate stacks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 

FIG. 1 is a cross-sectional vieW of an illustrative prior art 

transistor; 
FIG. 2 is a cross-sectional vieW of an illustrative gate 

stack; 
FIGS. 3A—3B depict an illustrative process How for 

forming an illustrative gate stack; 
FIGS. 4A—4B depict an illustrative grating structure com 

prised of a plurality of gate stacks, and a scatterometry tool 
for illuminating such grating structures in accordance With 
one aspect of the present invention; 

FIG. 5 is an illustrative example of a target optical 
characteristic trace in accordance With one embodiment of 
the present invention; and 

FIG. 6 depicts an illustrative embodiment of a system in 
accordance With one embodiment of the present invention. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
have been shoWn by Way of example in the draWings and are 
herein described in detail. It should be understood, hoWever, 
that the description herein of speci?c embodiments is not 
intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Illustrative embodiments of the invention are described 
beloW. In the interest of clarity, not all features of an actual 
implementation are described in this speci?cation. It Will of 
course be appreciated that in the development of any such 
actual embodiment, numerous implementation-speci?c 
decisions must be made to achieve the developers’ speci?c 
goals, such as compliance With system-related and business 
related constraints, Which Will vary from one implementa 
tion to another. Moreover, it Will be appreciated that such a 
development effort might be complex and time-consuming, 
but Would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 

The present invention Will noW be described With refer 
ence to the attached ?gures. Although the various regions 
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4 
and structures of a semiconductor device are depicted in the 
draWings as having very precise, sharp con?gurations and 
pro?les, those skilled in the art recogniZe that, in reality, 
these regions and structures are not as precise as indicated in 
the draWings. Additionally, the relative siZes of the various 
features and doped regions depicted in the draWings may be 
exaggerated or reduced as compared to the siZe of those 
features or regions on fabricated devices. Nevertheless, the 
attached draWings are included to describe and explain 
illustrative examples of the present invention. The Words 
and phrases used herein should be understood and inter 
preted to have a meaning consistent With the understanding 
of those Words and phrases by those skilled in the relevant 
art. No special de?nition of a term or phrase, i.e., a de?nition 
that is different from the ordinary and customary meaning as 
understood by those skilled in the art, is intended to be 
implied by consistent usage of the term or phrase herein. To 
the extent that a term or phrase is intended to have a special 
meaning, i.e., a meaning other than that understood by 
skilled artisans, such a special de?nition Will be expressly 
set forth in the speci?cation in a de?nitional manner that 
directly and unequivocally provides the special de?nition for 
the term or phrase. 

In general, the present invention is directed to a method 
of using high yielding spectra scatterometry measurements 
to control semiconductor manufacturing processes, and sys 
tems for accomplishing same. As Will be readily apparent to 
those skilled in the art upon a complete reading of the 
present application, the present method is applicable to a 
variety of technologies, e.g., NMOS, PMOS, CMOS, etc., 
and it is readily applicable to a variety of devices, including, 
but not limited to, logic devices, memory devices, etc. 

FIG. 2 depicts an enlarged vieW of an illustrative gate 
stack 30. As shoWn therein, the gate stack 30 is comprised 
of a gate electrode 32 and a gate insulation layer 34 formed 
above a semiconducting substrate or Wafer 38. The gate 
electrode 32 has sideWalls 36 and a top surface 40. The gate 
electrode 32 has a thickness 42, and the gate insulation layer 
34 has a thickness 44. The gate electrode 32 de?nes a critical 
dimension 46. The pro?le of the gate electrode 32 is depicted 
as having a trapeZoidal cross-section due to the fact that 
there is generally some slight degree of tapering of the 
sideWalls 36 during the manufacturing process. That is, the 
sideWalls 36 of the gate electrode 32 are slightly tapered, as 
represented by the angle 48, on the order of 2—3 degrees With 
respect to a line normal to the surface 38A of the substrate 
38 due to the nature of the etching processes employed in 
forming the gate electrode 32. Ideally, the sideWalls 36 have 
essentially no taper, but current etching processes cannot 
readily and repeatedly produce such ideal structures. In 
some embodiments, a layer of metal silicide may ultimately 
be formed above the gate electrode 32, although that struc 
ture is not depicted in the attached draWings. 
The gate electrode 32 and the gate insulation layer 34 may 

be comprised of a variety of materials, and they may be 
formed using a variety of knoWn processing techniques. In 
one illustrative embodiment, the gate insulation layer 34 is 
comprised of a thermally groWn layer of silicon dioxide 
having a thickness 44 ranging from approximately 1.5—5 
nm, and the gate electrode 32 is comprised of a doped 
polysilicon, and it has a thickness 42 that ranges from 
approximately 150—400 nm. 

In general, one or more characteristics of the gate stack 30 
may have profound impact on the performance characteris 
tics of the resulting integrated circuit device. For example, 
the critical dimension 46 is one very important factor in 
determining device performance levels. Thus, great attention 
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is given to controlling the critical dimension 46 of the gate 
electrode 32. HoWever, the complete gate stack 30 is the 
result of many process steps that may impact many variables 
or characteristics of the gate stack 30, Which may, in turn, 
have an impact on device performance. For example, a 
typical process How for forming the gate stack 30 Will noW 
be described With reference to FIGS. 3A—3B. As shoWn 
therein, a trench isolation region 31 is formed in the sub 
strate 38. Next, the gate insulation layer 34 may be thermally 
groWn in a furnace, and a layer of polysilicon 33 may be 
deposited above the gate insulation layer 34 using a chemi 
cal vapor deposition (“CVD”) process. The layer of poly 
silicon 33 may be doped With an appropriate dopant 
material, i.e., an N-type dopant for an NMOS device, a 
P-type dopant for a PMOS device. This may be accom 
plished by performing an ion implant process after the layer 
of polysilicon 33 is formed or by introducing the appropriate 
dopant material during the deposition process performed to 
form the layer of polysilicon 33. Thereafter, in some cases, 
an anti-re?ective coating layer 35, sometimes referred to as 
an ARC or BARC layer, comprised of, for example, silicon 
nitride, is formed above the layer of polysilicon 33 by a 
deposition process, such as a CVD process. Next, a pat 
terned layer of photoresist 37, comprised of photoresist 
features 39, may be formed above the anti-re?ecting coating 
layer 35 (or layer of polysilicon 33 if the ARC layer 35 is not 
present) using knoWn photolithographic methods and equip 
ment. Then, one or more etching processes may be per 
formed using the patterned layer of photoresist 37 as a mask 
to result in the de?nition of a plurality of gate stacks 30, as 
shoWn in FIG. 3B. For example, an initial timed, anisotropic 
etching process may be used to etch through approximately 
75% of the thickness of the layer of polysilicon 33. 
Thereafter, a second, endpoint etching process that is sub 
stantially isotropic in nature may be used to remove the 
remaining portion of the layer of polysilicon 33. The second 
etching process is intended to be highly selective With 
respect to the material comprising the gate insulation layer 
34 to insure integrity of the gate insulation layer 34. 

From the foregoing, it can be understood that a variety of 
process steps are frequently performed in forming a gate 
stack 30 for an integrated circuit device. To some degree, the 
process steps are interrelated in that they may have an 
impact on the resulting characteristics of the gate stack 30, 
Which may, in turn, have an impact on the ultimate perfor 
mance capability of the ?nished integrated circuit device. 
For example, the thickness 44 of the gate insulation layer 34 
and the thickness 42 of the gate electrode 32 may vary due 
to the nature of the processes used to form those compo 
nents. The level of doping Within the gate electrode 32, as 
Well as its distribution throughout the gate electrode 32, may 
vary due to the manner in Which dopants are introduced into 
the gate electrode 32, and heating of the gate electrode 32 in 
subsequent process operations. The thickness of the ARC 
layer 35 (if used) may also have an impact on the formation 
of the gate stack 30. For example, the temperature of the 
deposition process used to form the ARC layer 35 may act 
to, in effect, cause unWanted migration of dopant atoms 
Within the layer of polysilicon 33. The quality of the 
patterned layer of photoresist 37 may also impact the ability 
to form the gate electrode 32 to the desired critical dimen 
sion 46 and pro?le. Lastly, variations in etching processes 
may lead to problems such as ?aring or undercutting the gate 
electrode. 
As a result of all of the possible interrelated factors that 

may impact the structure, character and/or quality of the gate 
stack 30, it is difficult to determine What factor, or combi 
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6 
nation of factors, of the gate stack 30 need to be controlled 
to achieve the ultimate objective, i.e., to increase the yield of 
integrated circuit devices With elevated device performance 
characteristics. As used herein, the term “gate stack” shall be 
understood to comprise at least the gate insulation layer 34 
and the gate electrode 32. HoWever, in some cases, it may 
include additional structures, e.g., an ARC layer. According 
to the present invention, scatterometry techniques and elec 
trical test data of production devices are used to establish a 
target optical characteristic trace that is representative of a 
gate stack 30 that exhibits increased device performance 
characteristics. This target trace may then be used for a 
variety of purposes, such as to modify or control processes 
used to form gate stacks 30 on subsequently processed 
substrates such that optical characteristic traces of the result 
ing gate stacks 30 correspond to or are closely matched With 
the target trace. Another example of the use of such a target 
trace Would be to determine What process operations (or 
parameters) may need to be adjusted to improve perfor 
mance characteristics. Such information may also be used to 
detect gate stack 30 structures that deviate from the target 
trace and, if appropriate and possible, take corrective action 
to remedy the problem. 

In one embodiment, as shoWn in FIGS. 4A—4B, the 
present invention involves the formation of a plurality of 
gate stacks 30 to de?ne a grating structure 50. The gate 
stacks 30 comprising the grating structure 50 may have a 
pitch 26 that, in one illustrative embodiment, varies from 
approximately 400—1000 nm. The grating structure 50 may 
be formed in a scribe line of the Wafer 38, and the grating 
structure 50 may be formed at the same time the gate stacks 
30 are being formed for production devices formed on the 
Wafer 38. A plurality of such grating structures 50 may be 
formed at various locations across a surface of a Wafer 38. 
Depending upon the type of integrated circuit device under 
construction, and/or as a matter of design choice, the grating 
structure(s) 50 may be comprised of gate stacks 30 that can 
be part of actual production integrated circuit devices. For 
example, for memory devices, the gate stacks 30 comprising 
the grating structure 50 may be gate stacks 30 that are part 
of the completed memory device. To the extent the grating 
structure 50 is formed in a scribe line of the Wafer 38, it Will 
be assumed to be representative of gate stacks 30 formed on 
actual production devices. The siZe, shape and con?guration 
of the grating structure 50 may be varied as a matter of 
design choice. For example, the grating structure 50 may be 
formed in an area having approximate dimensions of 100 
pm><120 pm, and it may be comprised of approximately 
500—1500 gate stacks 30 (depending upon the selected 
pitch). 

Also depicted in FIG. 4A is an illustrative scatterometry 
tool 74 comprised of a representative light source 73 and a 
detector 75. Initially, an optical characteristic trace of the 
grating structure 50 Will be generated after the gate stacks 30 
are formed. A plurality of traces for each of a plurality of 
grating structures 50 may be generated from one or more 
Wafers. Thereafter, additional processing operations may be 
performed to complete the formation of the integrated circuit 
devices in the production die area of the Wafer 38. Then, 
various electrical tests may be performed on the completed 
integrated circuit devices to determine various electrical 
performance characteristics of the completed device. For 
example, parameters such as drive current (145m) or oper 
ating frequency may be determined for the completed 
devices. Ultimately, the optical characteristic traces of the 
grating structures 50 Will be correlated With the electrical 
test data to determine a target optical characteristic trace that 
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correlates With the increased device performance character 
istics as indicated by the electrical test data. That is, the 
optical characteristic trace or traces associated With the 
completed devices exhibiting the desired increased perfor 
mance characteristics, e.g., the highest operating frequency, 
may be determined to de?ne an illustrative target trace 60, 
as depicted in FIG. 5. The target trace 60 may be a plot of 
light intensity versus Wavelength or incident angle. This 
correlation betWeen the optical characteristic traces and the 
test data may be established by using knoWn statistical 
analysis techniques. 

The target trace 60 may exhibit certain characteristics that 
may be readily recogniZed, such as the relatively sharp peak 
62 or the combination of upWard peaks 62, 24 as shoWn in 
FIG. 5. Of course, it should be understood that the target 
trace 60 depicted in FIG. 5 is illustrative in nature and that, 
in practice, the shape of this target trace 60 may vary 
depending on a variety of factors, e.g., the siZe or compo 
sition of the gate stack 30, the type of device under 
construction, etc. Through use of the target trace 60 that is 
correlated With electrical test data many of the unknoWn 
variations or interrelationships betWeen the various process 
steps and materials used to form the gate stack 30 may be 
accounted for by producing gate stacks 30 that exhibit the 
same, or very closely match, the characteristics of the target 
trace 30. That is, the focus is on the ultimate objective— 
increasing the yield of devices exhibiting increased perfor 
mance characteristics—and measuring all process changes 
or modi?cations against this standard. Of course, the par 
ticular electrical characteristic(s) that are correlated With the 
optical characteristic traces to produce the target trace 60 
may vary depending upon the device under construction. 
Thus, the particular electrical characteristics identi?ed 
herein should not be considered a limitation of the present 
invention unless such limitations are clearly set forth in the 
appended claims. 

In another embodiment, the target trace 60 may be used in 
various engineering experiments to determine the impact 
that modi?cation of certain process parameters have on 
producing gate stacks 30 having a generated scatterometric 
trace that approximates the target trace 60. For example, 
such engineering experiments Would focus on Whether the 
process change under investigation Would cause a change in 
the height of the peak 62 of the target trace 60 or eliminate 
or reduce the relationship betWeen the peaks 62, 64. In short, 
all of the engineering experimentation Would be measured 
against the target trace 60, as it is representative of com 
pleted devices that exhibit the increased performance char 
acteristics. 

In yet another embodiment, the target trace 60 of the 
present invention may be used to determine corrective 
actions to be taken in the manufacture of integrated circuit 
devices. As stated previously, the manufacture of integrated 
circuit devices involves many process steps involving very 
complex process tools, e.g., deposition tools, etching tools, 
ion implant tools, etc. Despite best efforts to control these 
processes, undesirable process variations Will likely con 
tinue to occur. As a result, the characteristics of the gate 
stacks 30 formed Will also tend to vary to some degree, e.g., 
the pro?le or critical dimension of the gate electrode 32 may 
vary, the thickness of the gate electrode 32 or the gate 
insulation layer 34 may vary, etc. By generating an optical 
characteristic trace of a grating structure 50 comprised of 
such gate stacks 30 and comparing the generated trace to the 
target trace 60, it may be evident that, as manufactured, the 
subject gate stacks 30 Will produce integrated circuit devices 
that exhibit loWer levels of performance. In some situations, 

10 

15 

25 

35 

40 

45 

55 

65 

8 
corrective action may be taken. For example, a generated 
trace for the subject gate stacks 30 may not match the target 
trace 60 because the critical dimension 46 of the gate 
electrode 32 is larger than desired. Irrespective of the cause 
of the deviation from the target trace 60, the parameters of 
one or more of the ion implant processes used to form 
source/drain regions for the ?nished device may be modi?ed 
in an effort to compensate for What Would otherWise be a 
sub-standard device. For example, the implant dose on such 
devices may be increased in an effort to increase the per 
formance level. 
An illustrative system 70 that may be used in one embodi 

ment of the present invention is shoWn in FIG. 6. The system 
70 is comprised of a scatterometry tool 74, a process tool 76, 
and a controller 78. As indicated in FIG. 6, the Wafer 38 is 
representative of one or more Wafers 38 that have a grating 
structure 50 comprised of a plurality of gate stacks 30 
formed thereabove. The representative Wafer 38 is to be 
subjected to additional processing in the process tool 76. The 
process tool 76 may be any type of process tool commonly 
found in semiconductor manufacturing operations, e.g., an 
ion implant tool, an etch tool, a deposition tool, a furnace, 
etc. 

A variety of scatterometry tools 74 may be used With the 
present invention, e.g., so-called 26-type systems and lens 
type scatterometry tools. The scatterometry tool 74 may use 
White light, or some other Wavelength or combination of 
Wavelengths, depending on the speci?c implementation. 
Typically, the scatterometry tool 74 Will generate an incident 
beam that has a Wide spectral composition and Wherein the 
intensity of the light changes sloWly in comparison to 
changes in Wavelength. The angle of incidence of the light 
may also vary, depending on the speci?c implementation. 
The optical characteristic traces generated by the scatterom 
etry tool 74 may be based upon a comparison of light 
intensity to Wavelength (for White light, ?xed angle type 
scatterometry tools) or a comparison of intensity to incident 
angle (for angle resolved systems that use a single light 
source). 
The scatterometry tool 74 may measure one or more 

grating structures 50 on a given Wafer in a lot or even 
generate an optical characteristic trace for each grating 
structure 50 in the lot, depending on the speci?c implemen 
tation. Moreover, the optical characteristic traces from a 
sample of the grating structures 50 may be averaged or 
otherWise statistically analyZed. The scatterometry tool 74 
(or some other controller resident Within the manufacturing 
plant, e.g., controller 78) compares the generated optical 
characteristic trace (i.e., individual or averaged) to the target 
trace 60. The comparison betWeen the generated optical 
characteristic trace and the target trace 60 may be made 
using knoWn analytical techniques, e.g., mean square error. 
If there is a close match or approximation to the target trace 
60, the controller 78 may record this fact and, if desired, 
issue a con?rmatory message to a supervisor computer or 
operator. If there is a signi?cant deviation betWeen the 
measured optical characteristic trace(s) for the grating 
structure(s) 50, then the controller 78 may take various 
actions. For example, the controller 78 may identify the 
subject Wafer 38, or lots of Wafers 38, as Wafers that are 
likely to produce loWer performance integrated circuit 
devices. The controller 78 may also issue a noti?cation to a 
supervisory computer or operating personnel that it has 
identi?ed the sub-standard Wafer. The controller 78 may also 
issue command to the process tool 76 to modify one or more 
parameters of the process operation to be performed on the 
identi?ed Wafers 38 in the process tool 76 in an effort to 
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compensate for the de?ciencies in the gate stacks 30, as 
determined by the comparison betWeen the generated optical 
characteristic trace and the target trace 60. 

Control equations may be employed to adjust the oper 
ating recipe of the process tool 76 in situations Where the 
methods described herein indicate that an adjustment is 
Warranted. The control equations may be developed empiri 
cally using commonly knoWn linear or non-linear tech 
niques. The controller 78 may automatically control the 
operating recipes of the process tool 76 us ed to perform one 
or more process operations on the identi?ed, sub-standard 
Wafers. 

In the illustrated embodiments, the controller 78 is a 
computer programmed With softWare to implement the func 
tions described herein. Moreover, the functions described 
for the controller 78 may be performed by one or more 
controllers spread through the system. For example, the 
controller 78 may be a fab level controller that is used to 
control processing operations throughout all or a portion of 
a semiconductor manufacturing facility. Alternatively, the 
controller 78 may be a loWer level computer that controls 
only portions or cells of the manufacturing facility. 
Moreover, the controller 78 may be a stand-alone device, or 
it may reside on the process tool 76. HoWever, as Will be 
appreciated by those of ordinary skill in the art, a hardWare 
controller (not shoWn) designed to implement the particular 
functions may also be used. 

Portions of the invention and corresponding detailed 
description are presented in terms of softWare, or algorithms 
and symbolic representations of operations on data bits 
Within a computer memory. These descriptions and repre 
sentations are the ones by Which those of ordinary skill in the 
art effectively convey the substance of their Work to others 
of ordinary skill in the art. An algorithm, as the term is used 
here, and as it is used generally, is conceived to be a 
self-consistent sequence of steps leading to a desired result. 
The steps are those requiring physical manipulations of 
physical quantities. Usually, though not necessarily, these 
quantities take the form of optical, electrical, or magnetic 
signals capable of being stored, transferred, combined, 
compared, and otherWise manipulated. It has proven con 
venient at times, principally for reasons of common usage, 
to refer to these signals as bits, values, elements, symbols, 
characters, terms, numbers, or the like. 

It should be understood, hoWever, that all of these and 
similar terms are to be associated With the appropriate 
physical quantities and are merely convenient labels applied 
to these quantities. Unless speci?cally stated otherWise, or as 
is apparent from the discussion, terms such as “processing” 
or “computing” or “calculating” or “determining” or “dis 
playing” or the like, refer to the actions and processes of a 
computer system, or similar electronic computing device, 
that manipulates and transforms data represented as 
physical, electronic quantities Within the computer system’s 
registers and memories into other data similarly represented 
as physical quantities Within the computer system memories 
or registers or other such information storage, transmission 
or display devices. 

An exemplary softWare system capable of being adapted 
to perform the functions of the controller 78, as described, 
is the Catalyst system offered by KLA Tencor, Inc. The 
Catalyst system uses Semiconductor Equipment and Mate 
rials International (SEMI) Computer Integrated Manufac 
turing (CM) FrameWork compliant system technologies, and 
is based on the Advanced Process Control (APC) Frame 
Work. CIM (SEMI E81-0699—Provisional Speci?cation for 
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10 
CIM FrameWork Domain Architecture) and APC (SEMI 
E93-0999—Provisional Speci?cation for CIM FrameWork 
Advanced Process Control Component) speci?cations are 
publicly available from SEMI. 

The present invention is generally directed to a method of 
using high yielding spectra scatterometry measurements to 
control semiconductor manufacturing processes, and sys 
tems for accomplishing same. In one illustrative 
embodiment, the method comprises providing a library 
comprised of at least one target optical characteristic trace of 
a grating structure comprised of a plurality of gate stacks, 
the target trace corresponding to a semiconductor device 
having at least one desired electrical performance 
characteristic, providing a substrate having at least one 
grating structure formed thereabove, the formed grating 
structure comprised of a plurality of gate stacks, illuminat 
ing at least one grating structure formed above said 
substrate, measuring light re?ected off of the grating struc 
ture formed above the substrate to generate an optical 
characteristic trace for the formed grating structure, and 
comparing the generated optical characteristic trace to the 
target trace. 

The present invention is also directed to various systems 
for accomplishing the illustrative methods described herein. 
In one embodiment, the system 70 is comprised of a 
scatterometry tool 74, a process tool 76 and a controller 78. 
The scatterometry tool 74 is adapted to make scatterometric 
measurements of a grating structure 50 comprised of a 
plurality of gate stacks 30 and generate an optical charac 
teristic trace for the grating structure 50. The scatterometry 
tool 74 may be further used to compare the generated optical 
characteristic trace to a target optical characteristic trace that 
is determined based upon electrical test data for a semicon 
ductor device. If a deviation eXists betWeen the generated 
trace and the target trace, the controller 78 may then be used 
to control one or more parameters of one or more processes 

to be performed on the substrate comprised of the de?cient 
or sub-standard gate stacks 30. 

Through use of the present invention, better process 
control may be achieved in modern integrated circuit manu 
facturing facilities. Additionally, the present invention may 
enable more precise formation of gate stacks employed in 
integrated circuit devices, thereby improving device perfor 
mance and increasing production yields. 
The particular embodiments disclosed above are illustra 

tive only, as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. For 
eXample, the process steps set forth above may be performed 
in a different order. Furthermore, no limitations are intended 
to the details of construction or design herein shoWn, other 
than as described in the claims beloW. It is therefore evident 
that the particular embodiments disclosed above may be 
altered or modi?ed and all such variations are considered 
Within the scope and spirit of the invention. Accordingly, the 
protection sought herein is as set forth in the claims beloW. 
What is claimed: 
1. A method, comprising: 
providing a library comprised of at least one target optical 

characteristic trace of a grating structure comprised of 
a plurality of gate stacks, said target trace correspond 
ing to a semiconductor device having at least one 
desired electrical performance characteristic; 

providing a substrate having at least one grating structure 
formed thereabove, said formed grating structure com 
prised of a plurality of gate stacks; 
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illuminating said at least one grating structure formed 
above said substrate; 

measuring light re?ected off of said at least one grating 
structure formed above said substrate to generate an 
optical characteristic trace for said formed grating 
structure; and 

comparing said generated optical characteristic trace to 
said target trace. 

2. The method of claim 1, Wherein providing a library 
comprised of at least one target optical characteristic trace of 
a grating structure comprised of a plurality of gate stacks, 
said target trace corresponding to a semiconductor device 
having at least one desired electrical performance 
characteristic, comprises: 

generating a plurality of optical characteristic traces for a 
plurality of grating structures comprised of a plurality 
of gate stacks; 

generating electrical test data for at least one semicon 
ductor device; and 

correlating at least one of said plurality of optical char 
acteristic traces With said electrical test data to deter 
mine a target optical characteristic trace that corre 
sponds to a semiconductor device having at least one 
desired electrical performance characteristic. 

3. The method of claim 1, further comprising adjusting at 
least one parameter of at least one process used to form gate 
stack on a subsequently processed Wafer based upon said 
comparison of said generated trace and said target trace. 

4. The method of claim 1, further comprising adjusting at 
least one parameter of at least one process operation to be 
performed on said provided substrate based upon a deviation 
betWeen said generated trace and said target trace. 

5. The method of claim 1, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having at least one grating 
structure formed in a scribe line of said substrate. 

6. The method of claim 1, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having at least one grating 
structure formed in a production die formed above said 
substrate. 

7. The method of claim 1, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having a plurality of grating 
structures formed thereabove. 

8. The method of claim 1, Wherein said grating structure 
formed above said provided substrate is formed in an area 
having dimensions of approximately 100x120 pm. 

9. The method of claim 1, Wherein said at least one desired 
electrical performance characteristic comprises at least one 
of a drive current and an operating frequency. 

10. A method, comprising: 
providing a library comprised of at least one target optical 

characteristic trace of a grating structure comprised of 
a plurality of gate stacks, said target trace correspond 
ing to a semiconductor device having at least one 
desired electrical performance characteristic; 

providing a silicon substrate having at least one grating 
structure formed thereabove, said formed grating struc 
ture comprised of a plurality of gate stacks; 

illuminating said at least one grating structure formed 
above said substrate; 

measuring light re?ected off of said at least one grating 
structure formed above said substrate to generate an 
optical characteristic trace for said formed grating 
structure; 
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12 
comparing said generated optical characteristic trace to 

said target trace; and 
adjusting at least one parameter of at least one process 

used to form a gate stack on a subsequently processed 
Wafer based upon said comparison of said generated 
trace and said target trace. 

11. The method of claim 10, Wherein providing a library 
comprised of at least one target optical characteristic trace of 
a grating structure comprised of a plurality of gate stacks, 
said target trace corresponding to a semiconductor device 
having at least one desired electrical performance 
characteristic, comprises: 

generating a plurality of optical characteristic traces for a 
plurality of grating structures comprised of a plurality 
of gate stacks; 

generating electrical test data for at least one semicon 
ductor device; and 

correlating at least one of said plurality of optical char 
acteristic traces With said electrical test data to deter 
mine a target optical characteristic trace that corre 
sponds to a semiconductor device having at least one 
desired electrical performance characteristic. 

12. The method of claim 10, further comprising adjusting 
at least one parameter of at least one process operation to be 
performed on said provided substrate based upon a deviation 
betWeen said generated trace and said target trace. 

13. The method of claim 10, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having at least one grating 
structure formed in a scribe line of said substrate. 

14. The method of claim 10, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having at least one grating 
structure formed in a production die formed above said 
substrate. 

15. The method of claim 10, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having a plurality of grating 
structures formed thereabove. 

16. The method of claim 10, Wherein said grating struc 
ture formed above said provided substrate is formed in an 
area having dimensions of approximately 100x120 pm. 

17. The method of claim 10, Wherein said at least one 
desired electrical performance characteristic comprises at 
least one of a drive current and an operating frequency. 

18. A method, comprising: 
providing a library comprised of at least one target optical 

characteristic trace of a grating structure comprised of 
a plurality of gate stacks, said target trace correspond 
ing to a semiconductor device having at least one 
desired electrical performance characteristic; 

providing a silicon substrate having at least one grating 
structure formed thereabove, said formed grating struc 
ture comprised of a plurality of gate stacks; 

illuminating said at least one grating structure formed 
above said substrate; 

measuring light re?ected off of said at least one grating 
structure formed above said substrate to generate an 
optical characteristic trace for said formed grating 
structure; 

comparing said generated optical characteristic trace to 
said target trace; and 

adjusting at least one parameter of at least one process 
operation to be performed on said provided substrate 
based upon a deviation betWeen said generated trace 
and said target trace. 
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19. The method of claim 18, wherein providing a library 
comprised of at least one target optical characteristic trace of 
a grating structure comprised of a plurality of gate stacks, 
said target trace corresponding to a semiconductor device 
having at least one desired electrical perforrnance 
characteristic, cornprises: 

generating a plurality of optical characteristic traces for a 
plurality of grating structures comprised of a plurality 
of gate stacks; 

generating electrical test data for at least one sernicon 
ductor device; and 

correlating at least one of said plurality of optical char 
acteristic traces With said electrical test data to deter 
mine a target optical characteristic trace that corre 
sponds to a semiconductor device having at least one 
desired electrical perforrnance characteristic. 

20. The method of claim 18, further comprising adjusting 
at least one parameter of at least one process used to form 
a gate stack on a subsequently processed Wafer based upon 
said comparison of said generated trace and said target trace. 

15 

14 
21. The method of claim 18, Wherein providing a substrate 

having at least one grating structure formed thereabove 
comprises providing a substrate having at least one grating 
structure formed in a scribe line of said substrate. 

22. The method of claim 18, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having at least one grating 
structure formed in a production die forrned above said 
substrate. 

23. The method of claim 18, Wherein providing a substrate 
having at least one grating structure formed thereabove 
comprises providing a substrate having a plurality of grating 
structures formed thereabove. 

24. The method of claim 18, Wherein said grating struc 
ture forrned above said provided substrate is formed in an 
area having dimensions of approximately 100x120 urn. 

25. The method of claim 18, Wherein said at least one 
desired electrical perforrnance characteristic comprises at 
least one of a drive current and an operating frequency. 

* * * * * 


